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^ofl ^ o.^, iLt} ^1*1-711 i5}7] 3b*W 13, *lHq^ Tfl^^l ^ 

°i 10 nm ol^]-^ 71^-i-o] ^c?}^ «.^r^ ^I^i ^-g- ^ 
[3?-*H] 1] 



#7] *HH Rl ^ R2^ z)-Z}- s.^^o.S ^11 SE^r ^ 1 i7lolJ7 ) R 3^ bJ-^ 5~ 
402} 0 ^7lo]^ ( X ^ ^MJI, r o. ^ .sl^c^ ^i^)7K Dll^7l e}- 

1-10^1 <£-s?-*H^, n^r 1-12^1 ^^^1 ji ( m ^ 0-10^ ^o]cf. 

£ 1 



R'R'R'NX— (CH,)n— (0)— Si+O— Si-fo— Si— (O) — (CH a )n— XNRRR 
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^flS^ 31^3*^*11 ^ °1« °l-§-^r DflSSei^i ^ls«c v ^ {Novel 

Gemini Surfactants and Method for Preparing Mesoporous Materials Using the Same} 

£ l^r -*J*H 3°1H afls^l cflSiei^i ^e]^]- 1-^°11 tfltr ziefls; 

^^^l ^^"-e"^" -§--Sr"?d (adsorpt ion-desorpt ion isotherm); 

£ 3£r 5. 2*])*) M-Hf\+ aj^oj ^ o.S^-E^ BJH(Barrett-Joyner-Halenda) 

^^.S. ^tr 71^-3.71 ^^(pore size distribution curve); 

S. 4^ *)*H1 4°lH d]|2£^ #^^1 rfl*l X-^d ZLefl^ ; 

cfltr 3*KHr ^ 31 ^ *fl ^ M^r^ ^rdi^ S^ltr nefll; ^ 
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iLcf ^1^711^ ^^7l7> if-^ Afl^ 711^*^1 (gemini 

surfactant) ^ °1# -rrS.^} (structure-direct ing agent )£. °]-§-^H 10 nm 

^^l fl-^^o.^. tifl^sl ^l^ieii(mesoporous) ^tMl ^rtr 3J°1 

<=f. 

(ionic surfactants)* °l-§-^H 4^ M41S 5-(M41S fami lyH 5f Jl *fl5.£ ^ 

Efl^l ^lSieli £-7^1 (mesoporous molecular sieve) -ir^l: 0 ] fltHr^ ^ *1] 
5,057,296s ^ 5, 102,64351 -§-°ll ik3.& ^eflS, ^leitr llieji #^ofl 

el-olBM- A1P0 74] -S-^ ^-o) 7|^^ 37171- 1.5 nm <>)^}9l °Hl7l^ 

(microporous) #^4^ ^ n 7}^-2\ 3.7)^ ^ 7] ^-(mesopore)^ ^^(2-50 rm)S. 

^HM^i^*) =L ^ £-7^] 1-^^ -g-g-Oll °X0]*\ afl^oj 5\0]%T£ i a]\S. S-Tg pj 

^°1] rfltr £-*Hl -§~§-o) 7>^^7ll 353^. S-fUHH IfStr M41S <U 

DflSSe^ 71-?- o] ig^azj. ^ ^-h 0 V ufl<l (hexagonal array) ^- <^J1 $Xx= 
MCM-41 #^^1- ^lSisl^ 7l^-o] ia3d^ ^^2: (cubic structure)^ «fl<is 
9X^r MCM-48 #^o] ojcf. *l^g^ ^-^ 6, 027,70651, *fl6, 054, 1115 ^ 1998M 
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Science^, volume 279, page 548^1 >H ^^^1*1^ 3)^4^ 31 (nonionic surfactants) 

o> (amphiphilic block copolymers)!- °l-§-^>^ 3)S^I 31S3.e1^i ir^l 711*1 s}<H oicf. 
1995^d Science^, volume 8, page 1324 3l 1996\i Chemistry of Materials*], volume 
8, page 1147°1H^ ^H^ll ^l^%^^l(gemini surfactants)-!- *}-§-tr ^l2:5L&|^ # 
^.S] A]2i7\ ^sq^r}. °l^tr if 7l^-# 7f7)^ tjfl^i&li X^3°l 

ofl^- ?H ^^>l4 * o] 71^-2] 3.7)7} ^ ^ £-7># 7] 

^-tt 31, ^ -g-^31 (molecular sieve) fAS -§--§- lr ^ $1* ^ <3-u|ef. ^S.^ 

# t^#3H ^s. f 3^-«HJH, ^sJ-SJ- ^ aJ^I ^nfl(bio-catalysis), 31^-g: 71313, 

31 °1 4 . 71^1 DflSiei^i #^-1: ^l^^feci] ^s-a-i^lS.^ ^5. a>-§-^ Til ^ 31 

^ ^M-^l 4i^^7l5f ^1^71 # ^Hr ^#3^ ^Efl^ 741^^^1^^C-H til^fl, -S- g- 
^^>J17> ^ 7jl^%^^l^ -f-^-oll ^ 7fl HL-& 711^ o]-^ 

£51 7H^1 ^ ^ 3l*N*8 tH^^Is. s-*l o]£-S$ ^ 

<11> 3Hq^ 7^1^%^^^ ZL ^^^o] ol^fl pflo. v^o. o^]^^ 

<12> (critical micellar concentration)^ S^^-^ ^V^, -f^tr 7}g.^ ^ -fr 
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>flifl ?fl^*^^|S ^I^SlJl 5flfe f^S, ^>51 s.^>a- ^>vfl i^^-g-^l *1 
-i 91°]*] 7}^2\ 7fl^%^X|JL^ S-^-i- *fl 

d^I ^^M^l^ 1995^^1 #^^| ^l^ofl ^S-fr^lS. *>-§-£H 

tfltb ^^"7> ^l^Slx] ^fj7 ol^cfl o]^ Til ^ ZL A) 2: 

«fl i2ie]i l-^^l s.^o] 7}^2\ Dfl^^eii 1-^4 -ft-A}<^ ^^o] 

71^37))^- -^-^^71 -*M1 ^ ^112:7> ^^>Cf. 



(siloxane mioety)°l 3L^€ ^flS^ *)Hq^ Tfl ^ # ^l^>fe ^ 

10 nm <>1*}£] 7l-§-ol ^l2ie^(mesoporous) ^lS^ 
^l^Rr 7$°}^. 

^7} ^-§- ^*>7l ^tb ^14^ ^f7l 5)-^ IS ^1 
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<16> [s)-«Hi 1] 



<17> 



R'R'R'NX— (CH,)n— (0)— Si 




— Si — (0) — (CH 2 )n— XNR'R'R 



1-10^1 n£- 1-12^ ^^o1ji ( m ^ 0-10^ ^^r^cf. 



<19> cf^ *]-7l 25. ^13^ ^ *>7l 

5)^ #^-g- 1:2-1:3.2.3. ^, -g-nfl^ ofl^ j oj-^u) eaj ^ s.s.ofl 

v 

* A]-§-^^ 30~120°C<^1 l-lOO^RV «h§-^ ^IM^ Tfl^l^l* *]^is} 

<20> 2] 



<21> 



■ 


>• 


r r 


X — (CH,)n — (O) — S 


.i-t-0 — £ 

ll 


i i 

ii-f-O— Si 

ll 









Si — (O)— (CH,)n— X 



<22> ^71 ^oflA^ X ^ 11-5.^1 ^7|-ol Jl, r ^r ^ S-^aJ O.^. ^ ^7f, ^^7] SE^r 

1-10^ ^^H^, x-_ 12 ^ ^^oIjl, 0-102] ^^o}c}. 

<23> [s]-«]-<bl 3] 



<24> 



R 3 R 2 R!N 
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<25> #7l Rl g R2^ Z|-Z}- S.^^ 0.3. ^^7) <«7l o}jL t R 3i=, eJ-^ 5 

-40^ <&z]7Htf. 



<26> 



<27> (structure-directing agent)^. ^>-§-^>^ fflSS&li: #^-§r ^]2:^>^ ^'tH ^rtr 



<28> 



<29> 



(siloxane mioety)°] «f7l^ Sj-Sf-i] is. S^s]^- aflniq^ >4|£$Md*0ti- 

<30> [S^H 1] 



R'R'R'NX— (CHv)n— (0)— Si 




0— Si — (0) — (CH.)n— XNR'R'R" 



m 



<31> 



40^ o^Hu^ X ^ ^3-%\ r-8: ^ =.^0.3. ^4i^7>, oflf^l £E^ fJ- 



1-10^ <y-3.Alol^, n^r 1-12^ m^O-10^ ^^r^cf. 



<32> 



MHl, l-^-<a ^-11 *>-§-^H Sr-§-£.£fe 30-120 "C, uf^-^5f7l^^ 60-90 
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°C«\]*\ 1-100 w>^-3]^l-7]S.^ 24-72*12: ^ tiV-g-A]^ ^)2.s)v}-. o]v$ Sj-tH 

3^S. #ll2r S)-^ S^l^l^ tiV-g- #v»l^_l:2~l:3ol^. 



<33> [s)-4j-Ai 2 ] 







r r 


X — (CH,)n — (0) — S 


,-fo-i 


i i 

a-f o— Si 

il I 









(O) — (CHv)n— X 



<34> a o v 7 ] +\6))a\ €^°lJL, r£- zj-z]- ^-^^^-S. ^7>, n]lll7l SE^ 

^i^r 1-103] ^^oH, 1-12^ ^°lZL, m£r 0-10^) ^^o]^. 

<35> [Sj-^ 3] 

R 3 R 2 RiN 

<36> aV 7 ] a1o]]a^ Rl ^ R2^ 44 S.^^ Dll^7l 5E^ <^1^7lol J7 ( R 3^ 5 

~40^ ^:^7loi4. 



<37> 



<38> directing agent)S. *}-§-*H °flS5Lsli #^)^§- *llS5r}^ ^l^tlrtf 



<39> v])^^]^ #H^g- ^1^^ «<^£r Wr^^MlTr 4^"^ ^7^1* -f-*}<*l o] 



<40> 



#31; 



<41> 



(B) ^-7} SE^- ^7l« ol-g-^ ( A ) tJ-Tfl^ pH# 2^*L*}^ &7\]] 



<42> 



(C) #7) (B)^Tll^ ^ 



<43> 



(D) -S-71 (C)#7iHH ^ ?d^l?l^r 



£31; ^ 
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< 44 > (E) #7] (D)#7fl<>1M <a<H*I ±.^(calcination)Al?lfe- ^Tfl . 



<45> °1«HH 4 #711-1- J±Cf ^l*>7fl ^^*>^ Cf*^ ^"Cf. 

<46> (A) ^HH, ^Diq^ 7j)^%^*lj ^-g-^^r ^7)^ £^ ^2-^ ^ 

^. ^7}^ ^HM^ ^l'S*^ 0.1-5.0 f^%, a>^-3i^>7l^^ 0.5-3.0 ^ 

^%^, ^ 7] , c^li ^^^m-H# 0.5-2.0 f^%, *M 0.7-1.0 # 

^%7> 5.^<H ^12:^1 nf. A>Aj ^-g-ojjo. ^]^%^^fl 0.1-5.0 ^^%, 

*>7lS^ 0.5-3.0 ofl§ s-c^ <gxj. 0.5-10 w>^*l- 

7]S.^ 1.0-5.0 *£*%%7\ 3LtN°1 ^l^^cf. 

-id^fl ^r^-^-S. 5^ 2# ^fs}^ 

<48> [2}-*VXj 4] 

R 4 jR 5 k MY 4 -j-k 

<49> [5j-*VAl 5 ] 

R 4 h R 5 P Y 3 -h-p M-Q-M Y 3 - h -p R 4 h R 5 p 

<50> [s}-*)-^ 6] 
M*(Y) 3 

<51> a|-7) *\6\}*\ R4 ^ R5^ zfZf 1-10^1 ^-^7]olo) _ Y ^ 

1-5^ <£-=-*l 7] o] ji ; M-c- Si Ti Al €*W^1, Q^r &±^r 1-152] 

^^71, 6-409] o>^^] 7 ], <&m°}*ll^7), 5E^- ^}^^7}<>M, j ^ k^b ?A 
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A 0< j+k<3# ^ *1 7) fe- , 0 ifl*l 39] ^^o}ji t h 5J p ^ z|z| s-^^o. 

B 0<h+p<21- ^Al7l^, 0 ifl*l 2^ ^^ojcf. 

<52> ^y] aV^-ajt!: 3]B5HliB = B^eMlo'|B 

<53> (tetraethylorthosilicate: TEOS), 3] B &Mli.2.s.B^el ^ 0 -| B 

(tetramethylorthosilicate: TM0S), ^1 iSE^^^^ ^(methyl trimethoxysi lane) , ^Hl 

^tq^l^-Al^e]-(Dimethyldimethoxysilane) ( Be] 
<54> (Trimethylmethoxysilane), ^]^B^l^]^?Hmethyltr iethoxysi lane) , ^^l^^^l^- 

^l^^(Dimethyldiethoxysilane), B eHl 1M1 -^1 ^1 
<55> (Trimethylethoxysilane), tf] liBs} ?Kmethyltrichlorosi lane) , ^Hlit|3BB 

^fKDimethyldichlorosi lane) , B^ D)|iHS.S.^ 
<56> (Tr i methyl ch lor os i lane) , wli(Bel3BB^fi)ollEl; 
<57> (Bis(trichlorosilyl)methane), 1, 2-^1 i (Be) 3.BB411i Hilt 
<58> (l,2-Bis(trichlorosilyl)ethane), ^(BeH-^l^liH 1 !}: 
<59> (Bis(trimethoxysilyl)methane), l,2-al^(Bi^]-^Mli) 6 ll 1 !Kl,2- 
<eo> Bis(triethoxysilyl)ethane), l,4-wli(BH} *H| ■^•1^10 1,4- 
<6i> Bis(trimethoxysilyl)benzene), 1 ,4-wl ^(BeHl^- *1 1H1 !i ) 31 311(1,4- 
<62> Bis(trimethoxysilylethyl)benzene)-^^- # ^ , Ji^f « V ^ ?ll ^ EflB 

<63> ^l^^.s E ^^^io]B(tetraethylorthosilicate: TEOS), BflB&Hlll-^B^el ?fl 
<64> o]B(tetramethylorthosilicate: TM0S)# ^r^t!" 1 }. 
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71^^.5. *)-<*| 1 100 l-ol S]7ll *Vtt ^^>i, W>^-3l^>7]S^ 10 vfl^l 50 

-§-°l ^ x ^■^. 3^1* ^r-g-^^l ^7ft!r #£r<*IH 1 

2^1 # ma} a] 4^t}. 

<66> (B) ^HH^, A oM (A)^Tjlofl^ pHS # SE*r ^7l# o] -g-^H 

9 ifl^l 13, tife^sM^-b 11 ^H^l 125. S^W. 

<67> (C) ^tHH^ ^ <!«];-§--§- -f-^H ^fcW. °H, ^<i*J-§- 

^riE^r 60~150°C7l- 3 , a] ft*. \X\7} 144 A^, a>^^7fl^ 12Al# 
ufl^l 48 Al^lol 3^1-1}. 

<68> (D) ^HH^, ^j^i#^r <^3f ^ #^Hr-& A>-g-^)- 

°] 2 vfl7] 5 *>3fl ^Sj-ji 50~200°C^]a-1 3 vfl^l 30 A]7i ^^Al^lrf. 

<69> (E) #3H*I, &7] *J4i ^71 sHlAi 400 ifl*l 600°C5. 0.3-30 ^ 

<70> Aj- 7l «q. ^-o. TQ-Tgcq Hj-^^. .^H 10 nmo]^ 7] ^. 0 ] -g-^Tl] ^121 
ai^(mesoporous) #^^| ^1^^ ^ 



<71> Aj. 7l Hj-wj ol^oflS M^o} s.^ o. o>- ig$H>H ^2flo]] aj-igofl 



26-13 



1020020071571 ^^>: 2003/8/21 

<72> (anisole), H^iffl (xylene)-^ *\M°]± i fH?\)€- 

<? 3> (methyl isobutyl ketone), o>A-fls.( ace tone)-^ -§- n ll , *flBel-*|S.3.^f^ 

<74> (tetrahydrofuran), ^H^lMl *)} s.(isopropyl ether)-§^ <H]Efle^l -g-ufl, 

(ethanol), ^l^iHS.^ <&#(isopropyl alcohol ) , <&-§:( but ano 1 )-f-^l <£^grff-, 

7F§^r^f. 



<76>^a1<^1 1 : *IHa*MM tMS 

<77> (C n H 2n+ iN(CH3)2CH 2 CH2CH20Si(CH 3 ) 2 0Si (CH 3 ) 2 0Si (CH 3 ) 2 0CH 2 CH 2 CH 2 N(CH 3 ) 2 C n H 2n+1 Br 2> 

n=6, 8,10, 12, 16, 18, 22) 
<? 8> 200 ml^ 7.24 

<79> BrCH 2 CH 2 CH 2 0Si(CH 3 ) 2 0Si(CH 3 ) 2 0Si(CH 3 ) 2 0CH 2 CH 2 CH 2 Br (A)-a- -§-<3* afl^tr * 

9.15 g^l ^-^c-H^^^l^^Coctadecyldimethlyamine, n = 18, B)-ir °1 -§-^°fl ^7}-*}- 
#-§-«-^3 B^ i : 2.05 SHf- (reflex) 2 

£ *HH 48 -^o> 7><l*l-^4. -§-^* 3 #^7] (rotary evaporator)!- °l-§-*r 
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3.3-S.^ ^7HH -8-*fl*ltl 500 ml^l ofll ofAfl Efl o] H# ^7 r *> ^ 0 TC°fl>H 12 a] 

# 7fll^ ^ ^ 4^ o. = ^ cj HV^^cf. ^c^^l ^ 

50 t<HM 12 ^9} Td^^l^ -g-pfll- ^-^§1 aflTlsH #7l ^-W* 40% 

^^^Dfl^<i>^(C n H2n+iN(CH3)2, n = 6, 8, 10, 12, 16, 22)^ A>-g-*>fe ^s)*}^ 
^<a*>7fl -£UlSH n 4\ 3.7)7} 6, 8, 10, 12, 16, 223. S^^l 

<so> ^Ajofl 2 : 711^*^*11 tMJ 

<8i> (C n H 2n+ iN(CH3)2CH2CH 2 0Si (CH 3 ) 2 0Si (CH 3 ) 2 0Si (CH3) 2 0CH2CH 2 N(CH3)2CnH2n + i Br 2 , 
n=6,8,10,12,16,18,22) 

<82> 200 ml^ ^1^4 7.01 BrCH 2 CH20Si(CH3)20Si(CH3)20Si(CH3)20CH2CH2Br (A)-i: 

£H"«H *fl^tr ^ 9.15 ^n^"\M^&(n = 18, B)^- o] -g-oflofl % 7 } 

*r5S4. ASf 1 : 2.05 -g-aj-g. ^( re flex) S 

£ 48 7>1^cf. -§-ofl* 3) &^7) (rotary evaporator)* o]^> 

^ alM^M ^l^Efl^ ^^#^r <2&4. 

<83> o] ji^l A^^^-ofl 2 ml 31 #s.S.5L#^r |7^M -§-*l)*l?l ^ 500 ml^ ofl^o>^ E fl 

^7>tr 0 "C^H 12 «^1*H ^M^r^^f. <*)-4^ r Jl 

tf. 1-^^ ^ ol-g-*H 50 °C *| 12 a]# ^o> -g-nfl-g- <£ 
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°^^^^^<=>> 1 ?l(C n H2 n+ iN(CH3)2, n = 6, 8, 10, 12, 16, 22)# a>-§-^ 
*l-JL^r ^^Ml n^l 37l7> 6, 8, 10, 12, 16, 225. ^HM 1 ! ^1^* 



<84> 3 : Dj|2£eli ^ 

<85> ^-7] ^A]^l lofl^ 7j]^#^^l # «M ^°l7> 18«y 

C 18 H37N(CH3)2CH2CH2CH 2 0Si(CH 3 ) 2 0Si (CH 3 ) 2 0Si (CH 3 ) 2 0CH 2 CH 2 CH 2 N(CH3)2C 18 H3 7 Br2 0.42 g 
3f 0.202 g^ ^>5}-i4H## 26.5 g^ o)x} ^^ofl *\}2i*}<%€\- . 

O] ^-g-^ JEtiV^ll- Oj-g-^ 7j-^^>7fl 7^-^ 2.0 g^ TE0S# ^7|-^cf 

. vflsl #-§-1:1:2} 0.04 ^l^^^l : l TEOS : 0.5 NaOH : 150 H 2 

0 53^. #-§" -$J>&<*IM 1*1 ?> ^ 100 °C iL£-°lM 24X|7V-^<£ 

#-§-*l£i=k ^^vzl °l*V ff^s *fls*Ml 43*H ioo °c<i7i 3 

S/-l^cf. Tis^l a)s tflofl §<H ^l^«r^^» ^ 71*1-71 ^7l f^A-} 550°C 

S I0^1?i ^-91 ±^ 5. 1-& #^oji cfl^v x-^d n. 

eflHSAi 4i^^el B^r i^^el ^£} ^4 0 1^-. £ 1°1H iL^ db^^e) ^ 
°fl ^ ^ 10% ^ 91-i: ™ ^ ^el £^M1 ^31 ^o] X *} 3^3) 

^ 2*Hl -%aj-«ii<is ^ 9X^ (ioo), (no) ^ (200)2} sqas ^ <g^H 

A i .5L<*}^i=h -£ ^^fl afls^l M-iiJE.fi^ 43 #^o] ^c^uf -^s*} $ 

°^^§: 7>^# Sj-o]^- ^ o^cf. 
<86> 5L 2±r ±^ ^5ltb ^1^1 tfl^V ^ ^£r#°H, £ 3^r £ 2^ z£± 

$~&<Q°.3.*ftf BJH(Barett-Joyner-Halenda)«o v ^-^-S ^ 7l^H7l §-.2.^*1 <>1 c}- . 
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5. 29] ^ -g-^^.S.-^-Ei ^-*V BET JE£3£- lg # 1336 m 2 °l&-^, ^ 3^1 7l 

^3.71^ 2.30 nmo|&4. 
<87> -^a]^ 4 : nfl^S&|>i ^ 

<88> #71 ^A]ofl 2<HM 7fe€ 31 * ^ ^ol7> tf-g- Afl^ 

ff-^ Tfl^^l* ^>-§-^H nil^lSli ^*>S^. ^ ^>*^ ^°17> Zj-Zj" 

12, 14, 18<?1 0.86 g, 0.92 g, 1.03 g^ 66.1 g^ o]x\ ^ 

^Hr°ll -§-«fl^m ^ 0.51 g^l ^sl-^ff ^7>*H ^-§-°-^ o] ^-g- 

^-i: ^JffitiV^ll- oj-g-*H 7j-^^>7fl 7^^^ 5.0 g^ TE0S« ^7>*V^cf. «}-§- 
^tJ-# ^ 0.04 7^1^*^ ^11 : 1 TEOS : 0.5 NaOH : 150 H 2 0 

A o v -8r°fl A i 1^1 ?i j£ 100 °C 24^1 # -g^ «V-§-*l^ 

cf. a W ^^JI ff^S *U3^>7fl *fl^*H 100 °C ^ TiSAl^cj-. 

^1^*1 nilSiel^i #^<*fl X-^i 5}^ zisfli^ £ 42f ^-jl zj-zj-^l X-^d S]^ ^Efl 

5.-^1 ^ 3.97 nm, 4.25 nm ^ 5.26 nmS. £ 5<H1>H # ^ &^-o] 3 

7f ^ ^ a><M ^ ^o\] ^Hj-^cf. 

<89>^a]c^1 5 : rifl^ie^ ^j-Aj 

Ci 8 H 3 7N(CH3) 2 CH2CH2CH 2 0Si(CH 3 ) 2 0Si (CH 3 ) 2 0Si (CH 3 ) 2 0CH 2 CH 2 CH 2 N(CH 3 ) 2 Ci 8 H 37 Br 2 0.69 g^ 
0.21 g^ ^AVsj.q.E^o. 12 0 gS | o]*} ^ff-^ofl -g-sHA]^ ^-g-oj) o. ^^t}-. o] 

^-g-ofl o. ^M^*}^ oj-g-sH 7j-^^|-7l) 7^^^ 0.70 g^l til^CmeHl 
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s.Al^^)oflEj-(BTME)# ^7>*f^cf. av-g- vfl^ MV-g-MSj 0.04 ^1^% 

: 1 BTME : 2.62 NaOH : 356 H 2 0 Si^f . «>-g- -Shfr^lM 20^1 # ^-^V 51 

tiVQ * ioo °C 20^1 # wl-§-^l^cf. °]Jh <^3\-f>}JL o]*} ^ 

^S. 3?*> 711 >fl^*H 100 °C<HH ^S^l^cf. u|H s.<^ oi^ 5^*^ 

*H7lS}7l ^Sfl a]S. 1.0 g* 100 g^l 5 g£) 35% HC1°1 €-tHel -g-^^-S. 

3X2-*], olufl >*fl^ ^ Aflaj ^4=- q-Bj-^i}. 

■g- ^ofl 3L7}7\ lOnm ol*|-<e] 7l^-ol Hfl<^ Dfl^i&|i: 
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1] 

[ 1] 

r r r 

RWNX— (CH,)n— (0)— Si 4-0— Si "fO— Si— (0)— (CH,)n— XNR'R'R'' 

L -I m 

r r r 

a o >7| Rl ^ R2^ Z|Z| cfl^ ofllM O] R3^ 5~ 

i^r l-lO^l <1HI?-a1 o] , n o. i- 12 ^ ^^oIjl, m^r 0-102] ^T^l^k 
2] 

*f7l 5f«]-Ai S^ls]^ ^ S]-7l Sj-*)-^ 33. S^-lS]^ #wl 1:2- 

30~120°C<^H 1-100*1 # ti>-§-A}7l^ #313. o]^*lfe *fll*J-£) a(Mq*§ 31^%^ 

[ 2] 

r r r 

if n 

X — (CH,)n — (O) — Si + O— Si-fO— Si — (O)— (CH,)n— X 
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1-10^ <^^7lol^ , n^r 1-12^1 ^^ojji, m o. o~10^ ^^ojcf. 
[ 3?-*H 3] 
R 3 R2r!N 

a o V 7 ] ^HH R 1 ^ R 2 ^ ^4 ^^il5L nl)^7l o^, R 3i=- ^-^^ 5 

I^T 1 * 3] 

X| 1^ XHH^ Xl'SlHgXl-I- ^2:-fr.EXl (structure-directing agent)^ 

4] 

XI 3* 0 H1 3l°]*\, v\]^S.z]^ &&o] cj-^-o] cf^ll- **>oi Xl^^r ?3 -g- ^10 

(A) #7] XHM^ Xl^lr^Xl^ ^ -§-<*-§- ^Xl^r ^*Kr ^Xl ; 

(B) ^} Hfe <^7l# ol-g-^cX AV7I (A) ^Xl^l P H* S^Hr #X1; 

(C) ^"71 (B)^Xl^ £^#^§- ^^^-§-^71^ #t}1; 

(D) ^-71 (O^XHH <y<X*l l-^-Sr ^4, X]^ ^ ^Ja] ^ 

(E) ^-7] (D^XHH #^^r ^(calcination)*]?!^ #7fl . 

5] 

X] 4*<M1 #7l (A)#X]2l ^r-g-^^r #7l Xl^q^ Xl^%^Xl7f 0.1 - 5.0 

7j-<£7j7} 0.5 - 2.0 5L^-SH XI 2: Sl ^7l^ ^-§-^017114, #7l XH u) ll 
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^1^%^^7> 0.1 ~ 5.0 ^AVol 0.5 - 10 ^th^M ^ ^-g-^^] 

6] 

[ 4] 

R 4 jR 5 k MY 4 -j-k 

[ 5)-*VAl 5] 

R 4 hR 5 pY 3 -h-p M-Q-M Y 3 - h -p R 4 h R 5 p 
[ 6] 
M'(Y) 3 

^-71 R4 ^ R5^ z|-Z]- £^?jO S 1-10^1 ^^7101^, Y^r 

1~5^ «SH?-*1 7]o]zl, M^r Si BE^b Ti > M'£r Al ji, 1-15^) 

M*7l, 6~40^ ^^7l, ^o>^^7l, HL^ ^Hi^^H^, j ^ k ^ z| 

2| o<j+k<3» 71 ^, 0 3^ h ^ ^4 o_ 

3. 0<h+p<2# ^^71^, 0 vfl^] 2^1 
7] 

100 #o] s^s. ^^>^ ^)o S s>ir a o V ^ . 
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8] 

*H 4%H1 5U°H, ^-7} (O^TjHH, #7) 60~150°C<HH 1*1 # vfl*) 

144*1 £ ^ ^r^°-3- . 
9] 

*ll 4%>ofl £M*i, #7] (D)^^H>H ^t^l ^1* f-^H 

^ *l-8-*M 2 vflX| 5 *>3fl *fl3£)jL, 50~200TC<HH 3 *-fl*l 30 -^o> £ 

10] 

*fl 4*J-ofl -*7l (E)#7HH i^^^7> *7l 5£fe ^7l «HH 400 

*fl*l 600 °C -£^3. 0.5 tfl^l 30*1# ^ °l-f-<H*lfe- ^^r ^8°.^. . 
[^*J- 11] 

*)1 3%H1 $X°]x\, «o v ^3l ft^H^, -g-*fl, oflEfliMl -§- D fl, ^^r^-, SE 

°ll:^ ^t^l ^7} A*\^% A ^ *^ *fl S Al 71 JL , <^7]ofl ^*ll 
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15L 1] 




201 degree 




150 - 



100 - 



50 - 



1 1 1 1 1 — 

0.0 0.1 0.2 0.3 0.4 0.5 



Adsorption 
Desorption 



— ( 1 — 

0.6 0.7 



0.8 0.9 1.0 



P/P 0 
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IS. 3] 




Pore size / nm 
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[i 4] 



100 




2 3 4 5 6 7 8 



291 degree 
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[5L 5] 

6.0 



5.5 ■ 




2 3 4 5 



201 degree 
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